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Abstract: Number of applications for optical MEMS, specifically MEMS with reflecting mirrors increased
dramatically in recent years covering areas of optical communication (optical switches), robotics, medical devices,
transportation systems, etc. Design of versatile optical transducers with mirrors capable to provide wide range of
deflections yet with minimized energy consumption in smaller territory occupied on the semiconductor
chip became to be a paramount concern for MEMS designers. Our design describes an optical actuator, where a
mirror is installed at a 200µm long lever. On the opposite side of the lever there is a plate of capacitor used to
activate lever moves. The pivoting point could be positioned at any place under the lever to provide needed
division of the lever in the ratio needed for specified application. For the Optical Coherence Tomography
application discussed in our study the 3:1 ratio is used. Very small applied voltage varying in the range from 0 to
5V moves the mirror with large deflection from 0o to 45o. We discuss briefly the standard micro fabrication steps
to be used to make our design of our optical actuator.
Keywords: Electrostatic actuators;Reflective mirrors;Hardware Design MEMS; MEMS
1. Introduction
In the recent years, the usage of Optical MEMS is rapidly expanding. Optical MEMS are a key component in a wide
range of applications including displays, optical communications, biomedical devices etc. spreading across various
industrial sectors. Optical MEMS are widely used in two technical fields: fiber communication and medical diagnostic
systems. Optical Coherence Tomography (OCT) is an established medical technique that uses light to capture three
dimensional images of biological tissues. It delivers high resolution images using light rather than sound or radio
frequency. The high-resolution imaging of tissue samples makes it the most effective option for imaging compared to
MRI or ultrasound.
Micro-Electronic Mechanical Systems (MEMS) have various advantages such as speed, accuracy, and size over
the conventional scanning techniques which makes MEMS design the most suitable for biomedical applications. With
the increasing use of such devices, the need for ergonomic designs has become a great concern. Majority of MEMS are
either sensors or actuator. Thus, it is important to assess new designs and compare them with performance of similar
devices that belong to the same group. Actuators are commonly the interface between an engineering system and the
physical world (converts one form of energy to other). Hence to select the apt actuator becomes an integral part of
MEMS design.
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Electrostatic actuation accounts for attraction between oppositely charged conductors. For example, electrostatic
force is produced between the mirror and an address electrode in[1]. The device produces a deflection which varies with
the voltage applied. It covers the maximum deflection with an actuation voltage of 35V. Use of high power in actuator [1]
limits its integration with overall low operational voltages on semiconductor chips. The system[2] is based on an
electrostatic actuator that is suspended on torsion springs. When switching voltage is applied, the actuator rotates about
the spring to bring the mirror into the direction of the optical beam. Even though the actuation is obtained in a few
milliwatts, the switching time of such systems are in milliseconds. Hence, such a system cannot be used in systems
which involved high switching speeds in the order or micro seconds or nano-seconds.
Magnetic actuation is the displacement due to interaction among various magnetic elements like permanent
magnets, external magnetic fields, magnetized material, and current-carrying conductors[3-4]. works on the principle of
Magnetic actuation. The study[3] used external magnetic field to tilt the mirror to a maximum of 15.7 degrees. Actuation
time for this system is also in milliseconds. Hence high speed switching in the order of microseconds cannot be
achieved. Also, the scanning angle for these mirrors are maximum of 15.7 degrees, which is lesser compared to other
actuators in the same segment. Thermal actuation is one in which displacement is generated by thermal expansion of
materials due to the difference in their thermal expansion coefficients. Various systems[5-7] work on this principle by
using a bimorph construction. Design proposed in[5] for use in OCT probes applications, has a scanning angle of 40
degree with an actuation voltage of 5.5V. Ophthalmology diagnostic device[6], which is used as an eye tracking
application, has a large scanning angle. All thermal actuators operate only on a low switching speed. Piezoelectric
actuation works on the principle of strain induced by an electric field applied to the actuators. Out of these actuation
methods, the electrostatic mode of actuation offers easiest manufacturing capabilities and consumes very less power.
In our study, we propose an ergonomic design of the transducers for the optical MEMs. We utilize the most
efficient actuation method i.e. electrostatic actuation, by integrating a micro-mirror that will be hinged onto a lever. The
mirror deflection angle can be controlled by the applied voltage. This kind of a lever mechanism will be very easy to
fabricate and thus makes it suitable for a variety of applications in the industry.
2.Design
The design basically consists of a lever on which a mirror is hinged into. The lever dimensions are: 200µm long and
30µm wide with a thickness of about 20µm (see figure 1). The mirror is made of silicon and has the dimensions of
10µm x 10µm with a thickness of 0.5µm. The fulcrum placement decides the amount of displacement of the mirror. The
mirror is placed on one end of the lever and Capacitor plates(electrodes) of 30µm x 3µm are placed one at the edge of
the lever and one right below the lever. The stopper placed near the lower electrode makes sure that the upper electrode
does not move beyond a certain distance. The distance between the capacitor plates is 75µm. The entire levering
structure is held beneath the surface in which light is propagating. Figure 1 gives an idea of the construction of the
system.
Fig. 1 Sketch of the micro-mirror installed on a lever with semispherical pivoting point
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Figure 2 provides a closer view of the electrodes and their construction. As seen from the diagram it has a stopper
to prevent the electrode moving beyond a certain distance. This distance is calculated taking pull-in effect of
electrostatic actuators into consideration and thus, the height of the stopper is designed to be d/3 where d is the
distance between the plates. The distance between the plates is taken as 75µm for this design. This makes the height of
the stopper 25µm.
Fig.2 Sketch of electrode construction
When a positive attracting potential is applied at the lead (as shown in Figure 2), the electrodes attract each other
and thus move closer to each other. Whenever the electrode must move back to its original position, the attracting
potential at the lead is slowly reduced using a switching circuit and a negative repelling potential is applied at the lead.
The repulsion force causes the electrode to move faster and reach its equilibrium position.
For actuation of the mirror at various angles, the force applied between the electrodes must be greater than the
gravitational force acting on the mirror. The gravitational force acting on the mirror was found to be 1.14 x 10-12N.
The balancing force of the lever must be calculated and once the balancing force is known, the voltage applied to the
capacitor plates that produces this force can be calculated.
Lever law is given as, F1x1=F2x2 (1)
where,
x1 is the distance between the end A and the Fulcrum,
x2 is the distance between the end B and the Fulcrum,
F1 is the gravitational force due to the mirror weight,
F2 is the force required for actuation.
Thus, the force F2 is given by, F2=(F1x1)/x2 (2)
Hence the voltage applied can be calculated using the following expression: (3)
Where,
V is the applied voltage,
F2 is the force required to keep the lever in equilibrium,
d is the distance between the switching electrodes,
A is the area of the switching electrodes,
Ɛ0 is the permittivity of free space.
The design focusses on having a 3:1 ratio in the lever so that a large actuation angle can be achieved. So, the
distance between the end A and the pivoting point is taken as 150µm and the distance between end B and the pivoting
point is taken as 50µm. Putting these values in the equation (2) we would get the force F2 as 3.42 x 10-12 N. Any force
applied more than this would actuate the mirror.
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Voltage calculations using Equation (3) defines the voltage to be 4.92 Volts. Thus, with a voltage of 4.92V
actuation angles between 5 degrees to 45 degrees can be achieved. As the voltage needs to be applied only when the
actuation is required, the power consumed would be a low value. This makes the system the most preferred for
installation in colonoscopies and other catheters, where scanning of medical object at various angles is necessary for
imaging and diagnostics. The variation of actuation angle with the displacement of the electrodes in as shown in the
graph shown in Figure 3.
Fig. 3 Dependence of optical scanning (in degrees) on displacement of lever
3.Fabrication Steps
The actuator described above could be fabricated using standard surface micromachining technology, i.e. patterning by
conventional photolithography, creation and removal of sacrificial layers of SiO2, forming cavities by anisotropic wet
and dry etching of Si[8]. There were no unique processing procedures developed for our design.
4.Conclusions
Summarizing the description of our novel system it is right place to compare our optical scanner with existing MEMS in
various medical applications. The 2D silicon based aluminum coated scanning mirror with a large scanning angle of up
to 40 degrees is described in[9]. It uses the principle of electrothermal actuation to tilt the mirror in the respective
direction. The system requires an actuation voltage of about 20V. The 2013 publication[10] describes two systems, one
which has a micromirror connected to the axle of a micromotor which facilitates 360-degree rotation of the mirror
around the tissue sample and the other one is a linear scanning, side looking probe which uses electromagnetic actuation
to tilt the mirror to achieve a scanning angle of about 5 to 13 degrees. The Radial Ebus system by Olympus[11] would
provide a 360- degree real time imaging of surrounding tissues enabling the clinician to examine lesions exact location
and size. The system is very advanced for real time imaging, but is expensive. The Infrared Colonoscopy[12]
provides better ability to identify cancer cells. The change of refraction index of the material used in our design would
make it applicable to instruments which use Infrared light.
Our novel MEMS system describes an ergonomic design of an optical transducer using a lever mechanism. The
Design describes a very efficient electrostatic actuator which has a mirror installed on a lever. The lever is divided in the
ratio 3:1. The moves of the short shoulder, which carries a capacitor plate, is electrostatically activated. Thus, the mirror
installed on the longer shoulder moves in a wide range of deflection angles. Our design, using electrostatic actuation has
advantages such as fast response, low power consumption and gives larger scanning angles of about 45 degrees for an
actuation voltage of 5V. The lever based system can be used in the biomedical industry that has numerous applications
of laser beam scanning. The lever system can provide the scanning of light from 0 degree through 45 degrees making it
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the most suitable to install in colonoscopes, bronchoscopes and other devices, where scanning of medical object is
necessary for imaging and diagnostics
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